Settings
This module is a versatile tool that can be implemented in various educational and professional settings such as:
• Medical school applied science curriculum • Public health school applied science curriculum • Medical and public health special interest group meetings or elective opportunities • Graduate medical education didactic conferences • Professional "brown bag" style meetings • Professional conferences
Learning Objectives
By the end of this module, participants will be able to:
• Classify and discuss the meteorological variables that are affected by climate change.
• Describe the impacts of changing climatic conditions on human health via evidence-based causal pathways with an emphasis on identification of vulnerable communities and patients.
• Identify specific impacts on vulnerable individuals and communities and changes in clinical practice that may prevent or buffer adverse health outcomes.
• Identify specific impacts on vulnerable individuals and communities and changes in public health practice and health care systems that may prevent or buffer adverse health outcomes.
• Describe the health co-benefits of climate change mitigation and strategies to engage patients and communities in making health-protective changes.
• Locate local, state or regional data related to climate and access relevant resources to implement local adaptation and mitigation plans.
Series Information
This document is part of a series of educational models on climate and health. Additional versions in the series include:
•
A Student Exploration of the Impacts of Climate Change on Human Health in the United States • A Student Exploration of the Global Impacts of Climate Change on Human Health • A Public Health Student Exploration of the Impacts of Climate Change on Human Health in the United States • A Clinical Health Care Student Exploration of the Impacts of Climate Change on Human Health in the United States • A Student Exploration of the Impacts of Climate Change on Human Health & Vector-borne Disease
The original version of the educational materials for United States high school students was prepared by Dana Brown Haine, MS, University of North Carolina, under temporary assignment to NIEHS through the Intergovernmental Personnel Act (IPA) Mobility Program. Additional versions for international, clinical and public health students were developed by Juliana Betbeze, Leann Kuehn, Betsy Galluzzo, Kimberly Hill, Cecilia Sorensen, and Mariana Surillo. Dr. Sorensen also provided the case studies accompanying the educational materials for graduate and professional students. Materials were generously reviewed by educators and professionals around the country.
Editorial and publication support was provided by MDB, Inc. under contract number 273201600006I from the National Institute of Environmental Health Sciences (NIEHS).
At-a-glance Summary
This module follows the 5E instructional model to promote participant discovery and learning about the complex interactions between climate change, the environment and human health. The 5E model is based on the following steps: engage, explore, explain, elaborate, and evaluate. Students will build on existing knowledge and develop new ideas as they progress through the module.
Teaching Strategies

Engage
Participants are prompted to consider the human health impacts of climate driven changes in temperature and precipitation, specifically in regard to their patient populations and healthcare systems. Data visualizations are used to facilitate student engagement and to help the teacher informally assess participants' pre-existing knowledge.
Explore
Participants are assigned a reading from the resources on a particular climate effect (e.g., extreme heat) and create a visual model that depicts the climate change (driver), exposure pathway(s) and health outcomes. Participants consider their patient populations and the populations relevant to their specialty or discipline. Participants can also be tasked with exploring data at a local, regional, or national level.
Explain
Using knowledge gained in section 2 (explore) participants work in small groups or as a class to create and present a visual model to convey the complex ways that climate change affects health. The facilitator's actions center on ensuring participant explanations are accurate, addressing misinformation, and clarifying points of confusion. Facilitator introduces systems thinking and emphasizes interactions of Earth's spheres and ecosystems. Participants read "clinical case studies" for their climate driver and share examples from their personal knowledge and experience.
Elaborate
Facilitator introduces concept that climate change mitigation strategies confer co-benefits to human health and concept that adaptation strategies reduce negative health impacts. Participants identify specific impacts on vulnerable individuals and communities and explore changes in clinical practice OR public health practice that could be advanced to may prevent adverse outcomes within the focus of their assigned topic.
Evaluation (Assessment Strategies)
Clinical medicine:
• Option 1: Task participants with writing a clinical practice guideline with 2-3 recommendations that safeguard the health of vulnerable populations in relationship to a specific exposure pathway.
• Option 2: Task participants with choosing a vulnerable population, identifying all climate-related health risks and creating key statements to share with patients along with actions that patients can take to safeguard their health.
• Option 3: Task participants with designing a public health intervention to combat a specific health outcome that is relevant to their local community, patient population, state or region of the country.
Extend
Participants could extend their learning by either working to implement a resilience project in their community or by advocating for their adaptation strategy or project through civic engagement with policymakers and stakeholders. Note to facilitators: regional/community specific applications are needed here.
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Background
Much of the discussion around climate change has focused on the physical and chemical aspects and resulting environmental effects, such as extreme temperatures and melting glaciers. More recently, the discussion has expanded to include impacts on human health. For instance, the IPCC Fifth Assessment Report, Chapter 11 "Human Health: Impacts, Adaptations, and Co-Benefits", significantly advances what we know about the impacts of climate change on human health. As the climate continues to change, the risks to human health will grow, exacerbating existing health threats and creating new public health challenges worldwide. Depending on the specific health threat, vulnerable populations may include children, pregnant women, the elderly, outdoor workers, low income groups, some communities of color, indigenous peoples, immigrants, persons with disabilities and persons with pre-existing or chronic medical conditions. As the public health system attempts to mitigate the negative health consequences of climate change, it will be important to take vulnerable populations into account locally, regionally and globally.
There are six categories of human health impacts as identified by the IPCC Fifth Assessment Report, Chapter 11 "Human Health Impacts, Adaptations, and Co-Benefits", including temperature and radiation-related impacts, air quality impacts, extreme events, vector-borne disease and other infectious diseases, food and water borne diseases, mental health, violence and conflict, nutrition, and occupational health. As participants consider the numerous health effects of a changing climate, it is important that they also be tasked with identifying links to clinical or public health practice and adaptation and mitigation strategies that can be implemented to protect human health with respect to climate change.
Mitigation strategies can reduce CO2 added to the atmosphere. These strategies include increased use of renewable energy sources, such as solar and wind power. Current mitigation strategies will not be able to reverse the change in climate that has already occurred but can reduce future impacts. Adaptation strategies help minimize the negative impacts of climate change. An example of an adaptation strategy is a heat wave early warning system that helps protects vulnerable populations from the health effects of heat waves.
Through these changes in societal and public health practices, we may be able to limit the magnitude of changes to the planet's climate and thus reduce the negative impacts to human health. Many strategies will provide co-benefits, simultaneously reducing the negative effects of climate change while also reducing illness and death. An example of adaptation strategies that provide health benefits, include resilience of health care facilities, integrated early warning and vector control systems for infectious diseases, and enhanced waste water treatment facilities to manage increased flooding events. However, it is also possible that some mitigation may introduce unanticipated potential for human harm. To identify other relevant climate-sensitive health outcomes for your country or region the following resources may be useful:
Facilitator Preparation
• Health and Climate Assessment Country Profiles: fact sheets from the WHO that include a section on human health at a country-specific level.
• UNDP Climate Change Country Profiles: includes maps and diagrams demonstrating the observed and projected climates 61 countries.
• a. Write the following headings on signs that could be a piece of colored paper, or, if using a white board or chalk board, colored markers or colored chalk, respectively, can be used instead of colored paper. Place the signs on the wall/space in this order from left to right: Climate Driver (green); Exposure Pathway (blue); Health Outcome (red). These signs will guide participants as they place their work on the wall in these categories (also see photo on page 11).
Explore More: Case Studies for Students and Health Professionals
In addition to the examples throughout this text, a graduate level supplement featuring detailed clinical care and public health case studies of climate and health impacts is available here.
Before starting a lesson, instructors are encouraged to explore the case studies and select those that best apply to the field of expertise for your audience. Alternatively, students can explore case studies on their own. Part I | Exploring prior knowledge 1. Draw a "T" chart on the board or large easel; label the left-hand column of the chart "examples of climatic change" and label the right-hand column "human health effects."
Materials
2. Ask participants to name specific examples of climatic change (e.g., increased air temperature) to assess their pre-existing content knowledge. This query invites participants to list specific ways the climate is changing (temperature, precipitation, extreme weather, etc.). Record their responses in the left-hand column of the T chart; do not worry about right or wrong answers, just record participants' answers. Maps of projected changes in average temperature and precipitation by the end of the current century. Under the lower (RCP 2.6) and higher (RCP 8.5) of the pathways of greenhouse gas emissions assessed by the IPCC.
4. As a class, interpret each figure noting regions that are becoming cooler/warmer and drier/wetter and discuss the observed climate changes for your state and region of the country. Alternatively, participants could be asked to interpret each figure in writing or aloud with a partner.
5. Next, ask participants to list specific impact(s) of 1) a warming climate on human health; 2) a wetter climate on human health; and 3) a drier climate on human health. Record their responses in the right-hand column of the T chart aligned with any relevant climatic changes listed in the left-hand column; do not worry about right or wrong answers, just record participants' answers.
Part II | Creating a visual model of cause and effect
6. Project slide 4 of the data visualization you selected in step 5 of the Facilitator Preparation Section to the class and ask participants to observe and interpret the visualization either individually or with a partner. If referencing a current event (e.g., a recent flooding), adding one or more photos will enhance the relevance of this topic.
7. As a class, summarize the data visualization and tell the participants that the class is going to construct a visual model to show the connection between a specific climate change (default example: heavy precipitation) and a specific human health effect (default example: water contamination). This modeling activity will introduce participants to the terminology that will be used in the exploration and explanation phases of this module.
8. In order to create this visual model, use the template provided on slide 5 as a prompt as you ask participants to respond to the following questions: 9. Together, this information can be used by the class to construct a visual model of this causeeffect mechanism using the template provided (see slides 5-7). 
Flooding & Human Health
Exposure to contaminated floodwaters
What is/are the health effect(s) that might arise from exposure to the environmental hazard? Water-borne illness
Visual Model | Cause and Effect |Flooding & Human Health
10. Point out to participants that flooding can be both an environmental condition and a hazard if high waters leads to an injury or drowning. Ask participants if they can think of other human health hazards that might arise from flooding (e.g., growth of mold and mildew after water subsides; affecting current access to healthcare facilities). Slide 15 shows other hazards that can arise from flooding.
11. To conclude this engagement activity, tell the participants that they are going to work as a class to create a visual model of the various health outcomes arising from climate change as described in the provided readings using the same strategy. 2. Ask participants to complete their reading assignment and either individually or in their group complete one or more rows of the graphic organizer provided on page 15 to summarize the climate and health impacts and vulnerable populations identified in their reading.
3. Next, task participants will complete one or more rows of their graphic organizer. To complete a row, participants list the specific health effects for each hazard identified. Then, ask participants to list any vulnerable populations that are more susceptible to experiencing negative health outcomes in reaction to the cited hazard. Also, think about the clinical implications of the health threat (clinical medicine students/practitioners).
4. Depending on your instructional goals, participants could be tasked with conducting additional research on their assigned chapter to investigate this topic from a local or regional perspective.
5. Tell each group that during the next phase of the activity (explanation phase), they will present their visual models to the class (some groups may have more than one model to present). Each group should identify one participant who will present the model(s) aloud to the class while the other participants in the group contribute to the model by writing and/or placing their model components on the board/wall.
Graphic Organizer for Clinical Medical Professionals
Assigned Chapter: Name:
As you read, identify the environmental condition(s) that produce the environmental hazard(s) cited and then identify the underlying climate driver(s) (e.g., increased precipitation). For each hazard, list the health effect(s) and the most vulnerable people/groups. Not all rows may need to be completed. 1. Tell the class they are going to combine their models to create a larger visual model to illustrate the complexity of the climate and health system. One at a time, invite each group to come to the board/wall space you have identified and describe their visual model(s) aloud for each health outcome identified in their chapter as they place their model on the board/wall. For each health outcome identified, participants should also mention any vulnerable populations to the class and how this outcome could relate to their patient populations a. Participants will either write their words on the board or place their post-it notes/cards in the appropriate location and connect the words using a marker, chalk or tape. b. Participants should note where one environmental condition (e.g. flooding) influences other health outcomes by adding arrows to the model. They should also mention whether the conditions and health outcomes are exacerbating current conditions c. If a change in climate or environmental condition is already represented on the board/wall, participants should use the term that is already there and connect that term to the new information they are adding to the board. d. As a facilitator, prompt participants to consider the terms that have already been placed on the board and make new connections using markers or even new terms when possible. For example: Drought will not only cause an increase in wildfires but can also lead to crop failures resulting in a shortage of food, higher food prices and a likely increase in cases of malnutrition and hunger.
2. As the facilitator, it is important to check if the climate driver, environmental condition, environmental hazard, health outcome sequence identified is correct/logical and clearly depicted on the wall before inviting the next group to the board/wall.
3. Participants will begin to see overlapping themes from the placement of the cards and connecting arrows. For example, flooding results in more than one environmental hazard (see slide 15) which, in turn, results in several potential health effects.
Teaching tip
Ask participants to fill in a blank copy of the systems diagram provided on PPT slide 12 (1 copy per participant) to stay on task while others are presenting.
Lesson Plan 3/25/2020 16 4. The visual model created by the entire class might look chaotic, but it gives students an opportunity to see, both visually and intellectually, the complexity of the interactions between the environment and human health. They can see that one event leading to a change in climate (an increase in temperature) can result in many different environmental conditions (increase in heat index, longer growing season, warmer water temperatures) which in turn can generate many different environmental hazards (prolonged exposure to heat, longer pollen season, rapid development of mosquito vectors) which in turn can result in many different potential health effects (heat related morbidity and mortality, increased incidence of asthma and allergies, and vector-borne diseases). It is a complex system. NOTE: A systems diagram is provided for the teacher's reference showing these connections -see PPT slide 16.
Systems-thinking
The goal of this activity is to create a visual representation of a complex system from the simple "causeeffect" models each group constructed. By building the larger model and answering the guiding questions provided below, participants will begin to see the complex interconnected nature of our environment and its impact on human health, as well as the need to simplify in order to study and better understand the individual aspects of the system as well as their connections to each other.
Introduce systems thinking by asking the following questions:
• 6. Refer to the visual model depicted on the classroom wall and ask participants to consider the environmental condition for a single climate impact such as flooding (also see slide 15) and all of the potential health effects associated with it. As the facilitator, you may choose to use a different colored marker or tape to denote the numerous health effects that can arise as a result of a single health threat such as flooding.
7. Prompt providers to consider the complexities of addressing their patients' needs in light of impacts of climate change that extend beyond their specialty areas. 8. Reiterate that the climate and health system is inherently complex. To better understand the system and assess how climate change is impacting human health, it is essential to study its component parts while keeping interconnections in mind. The way scientists think about these interconnections is through the concept of a "system." But scientists and policy-makers also need to consider other systems connected to their system of interest as they advocate for strategies that are protective of human health. For example, there is a push for use of biofuels to reduce our reliance on non-renewable petroleum-based sources. Doing that would solve one set of problems like oil spills and increasing independence from foreign oil, but it may introduce another set of problems in an interconnected system, such as using a food source as a fuel when the world's population is increasing or the emissions from that alternative fuel may still contribute to air pollution or climate change. These interconnections will be explored further in the next activity.
9. To conclude this section, have each group reflect upon the clinical case studies associated with their climate driver. Invite participants to discuss and share other examples of correlates they have encountered in their practice environments. 1. Reinforce to participants that greenhouse gas emissions resulting from human activities are driving the climatic changes described in this module. Introduce participants to the concept of climate mitigation (taking action to reduce or prevent the emissions of greenhouse gases) and prompt participants to consider the health co-benefits that are conferred by such actions. For example, implementing renewable energy technologies means fewer greenhouse gas emissions and reduced emissions of particulate matter, thus improving air quality, which will translate into overall improved cardiopulmonary health. This improved health outcome is an example of a health co-benefit. It should also be emphasized that these health co-benefits may have maximum impact on already vulnerable populations (e.g. those with asthma). Introduce the concept of adaptation to prevent current and future climate change impacts, such as those from more severe storms. You may display slides 18-23. 2. Task participants with considering how climate mitigation will impact the health outcomes described in their assigned reading. What are the relevant health co-benefits? 3. To further bring a solutions focus to this module, tell participants they will identify changes to clinical or public health practice that could be advanced to either prevent or manage the negative health outcome(s) that were the focus of their assigned reading. These solutions can be thought of as adaptation strategies. A list of possible adaptation strategies is included for each chapter in the Answer . 4. For their assigned chapter, task participants with identifying adaptation strategies in the practice of clinical medicine to: a. Prevent the negative health outcome(s) from occurring in a changing climate; and/or b. Promote preparedness/adaptation so that the negative health outcomes are less severe or occur to a lesser extent than without the intervention. 5. Participants could also be asked to investigate local adaptation strategies that are either being planned or /implemented to address any health outcomes mentioned in their assigned chapter.
6. For each adaptation strategy identified have participants evaluate the pros and cons of implementation. Some adaptation strategies may counter mitigation efforts! For example, building an urban cooling center for people to go to on extreme heat days will be associated with increased greenhouse gas emissions unless the center is powered by renewable energy.
7. Next, invite each group to share one or more of the adaptation strategies they identified to the class.
Teaching Tip
Participants may find that some strategies could be both a mitigation strategy and an adaptation strategy. For example, an urban forest can reduce greenhouse emissions (mitigation) and it can improve air quality (adaptation).
Lesson Plan Option 3: Clinical Medicine: Task participants with designing a health intervention to combat a specific health outcome that is relevant to their local community, patient population, state or region of the country. Their design could be described in writing or through a schematic drawing/diagram or they could design a physical prototype through creative reuse of household materials. Participants present their design to the class which could be accompanied by a brochure or fact sheet.
Extend
Participants could further extend their learning by either working to implement their evaluation project in their community (hospital, university, town/state/region or clinical practice) or by advocating for their adaptation strategy or resilience building project through civic engagement with relevant stakeholders. 
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